INTRODUCTION
This study of the calcareous nannofossils found in Leg 104 material focuses on two main topics: the calcareous nannofossil biostratigraphy of the area and the age and possible source of glacial detritus traced by means of redeposited, ice-rafted nan nofossils.
The Norwegian-Greenland Sea was cored previously by the Deep Sea Drilling Project (DSDP) Leg 38 in 1974. The calcare ous nannofossils from that cruise were studied by Muller (1976) . Unfortunately, the sites were only intermittently cored and a complete stratigraphic section was not recovered. Several shal low piston cores have also been obtained by various investiga tions for studies of the glacial-inter glacial fluxes in the region. These cores generally contain sediments representing only the past 0.5 Ma of Norwegian-Greenland Sea history (see discus sion and references in Reworked Nannofossils section). DSDP has also occupied sites in the North Atlantic, but that area has different climatic and paleoenvironmental characteristics and thus the nannofossil succession in the Norwegian-Greenland Sea is significantly different.
METHODS AND PROCEDURES

Preparation
From the material collected while aboard ship, approximately 1500 samples were selected for this study. Most samples were processed into simple smear slides. Another method of slide preparation was used for the glacial interval samples. These samples contain such a high percent age of ice-rafted debris that the nannofossils are greatly diluted. To eliminate the larger ice-rafted material, thus concentrating the nanno fossils, the raw sample was agitated in water and then settled for 1 min. This allowed the coarser glacial debris to settle out of the suspension while most of the calcareous nannofossils remained suspended in the supernatent. Slides were then made from the supernatent. This fast and efficient method removed most of the unwanted larger material. 1. A small grid, consisting of 25 sections within 0.8 cm 2 , was stamped with indelible ink on a coverslip. 2. One drop of the sample solution was dried on the grid. The solu tion was very dilute to allow for a wide spacing of nannofossils on the grid. This thin coating helped avoid confusion when trying to find the same specimen with the SEM.
3. The slide was then examined with the lOOx objective and with immersion oil over the dried sample. The locations of specimens photo graphed on the grid were noted. 4. When the light microscope work was completed, the slide was dipped three times in a bath of xylene, then washed three times in a bath of isopropyl alcohol. This removed the immersion oil but left the sam ple and the ink grid. 5. The slide was prepared for SEM by coating it lightly with paladium. Care was taken to apply only a thin coat of paladium so that the ink lines on the grid could still be discerned in the SEM.
6. The grid locations of the specimens already observed with the light microscope were then found, and the specimens were then photo graphed with the SEM.
Abundances
Estimates of abundances for individual species of nannofossils in each field of view at 1000X magnification are as follows: A = abundant; 1 to 10 specimens per field of view C = common; 1 specimen per 2 to 10 fields of view F = few; 1 specimen per 11 to 100 fields of view R = rare; 1 specimen per 101 to 1000 fields of view B = barren; no nannofossils present Due to the nature of the sediments in the area, reworking of older nannofossils into the glacial intervals has greatly influenced nannofossil assemblage composition. During the glacial intervals, ice-rafted Creta ceous nannofossils diluted the Neogene assemblages. Due to the great importance that ice-rafting played on the percentage of reworked taxa found, an attempt was made to quantify the findings, and estimates of the percent of reworked nannofossils relative to in-situ taxa have been included on the range charts. Percentages are estimated to the nearest 10% from 10% to 100%. Less than 10% reworking is stated as "< 10%" for 10 to 1%, and less than 1% reworking is stated as "N" for negligi ble.
Preservation Preservation of the calcareous nannofossils found in each sample is recorded as follows: G = good; specimens show little effects of overgrowth and/or dis solution. M = moderate; specimens show some effects of overgrowth and/or dissolution; identification of taxa is sometimes impaired. P = poor; specimens show effects of advanced overgrowth and/or dissolution; most taxa are questionably identified.
BIOSTRATIGRAPHY
Taxa considered in this report are listed in the Appendix. Bibliographic references for these taxa are presented by Loeblich and Tappan (1966 -1973 ), von Heck (1979a , and Steinmetz (1984a Steinmetz ( -1985 .
In the cores recovered on ODP Leg 104, calcareous nanno fossils are present in Oligocene to Quaternary sediments and generally contain nannofossils in low abundance and diversity. Nannofossil diversity is highest in tropical waters and decreases towards the poles. Reduction in diversity of micro fossils leads to fewer biostratigraphic events in the geologic record and thus to reduced biostratigraphic resolution. Nannofossils are absent in present-day arctic and antarctic waters (Kennett, 1982) . This presents problems in the biostratigraphy.
The standard low-latitude zonations, such as Okada and Bukry (1980) and Martini (1971) (Table 1) , cannot be followed in detail. These standard zonations of the Neogene are based primarily on the first occurrences and extinctions of discoasters, ceratoliths, and sphenoliths, which are generally missing in the Norwegian-Greenland Sea. Thus, these zonal schemes cannot be used in detail. Many of the zonal markers that do exist in the area are diachronous from low to high latitudes and cannot be used in world-wide correlations.
The nannofossils in the Norwegian-Greenland Sea are re duced by a number of factors: unfavorably low water tempera tures, dilution by terrigenous sediments or siliceous fossils, and dissolution. The sea floor is also relatively shallow and no cal cium carbonate compensation level exists (Kellogg, 1980) , there fore dissolution is most likely due to the unfavorably low water temperatures.
Except during the Pleistocene, Coccolithus pelagicus and reticulofenestrids make up the bulk of the assemblages. These species are not excluded by the low temperatures; they are also dissolution resistant. Unfortunately, of these abundant species, only Reticulofenestra pseudoumbilica is a standard marker.
The main marker species of the Neogene are the ceratoliths, sphenoliths, and discoasters. No ceratoliths were found in any of the sites. The ceratoliths are relatively dissolution resistant and their absence in the Norwegian-Greenland Sea is due to lower than optimun temperatures more than to dissolution.
The sphenoliths, on the other hand, are easily dissolved. A few sphenoliths were found in the relatively warmer upper Mio cene sediments, but their presence at that location is not stratigraphically important. Their absence could be due to the unfa vorable environment or to selective dissolution.
The discoasters are highly dissolution resistant. Most of the standard zonal marker species are not present due to their pref erence for low latitudes. A few discoasters were found but these are generally unreliable for age determinations. Discoaster intercalcaris, a cold-water form of Discoaster variabilis , is found in places, but its long range makes it impractical for biostratigraphy.
The standard nannofossil zonation of Martini (1971) was followed to the extent possible to promote continuity with the previous study by Muller (1976) . Due to the absence of many marker species, however, various zones had to be combined into longer ranging zones. Thus, the biostratigraphic resolution of the nannofossils in the Norwegian-Greenland Sea is poor. The nannofossil zonation presented here is similar to that compiled for Leg 38 (Muller, 1976 ) (see Table 2 ) with the exception of the interval with Cyclicargolithus floridanus, which is delineated here. Zone NN4, the interval with Helicosphaera ampliaperta, was encountered on Leg 38 (Muller, 1976) , but was not observed on Leg 104 due to the presence of a long nannofossil-barren in terval which most likely includes this zone.
Site Reports
A total of eight holes were drilled and cored on Leg 104. Five holes, A, B, C, D, and E, were drilled at Site 642. Hole 642A consisted of one surface core and is not discussed due to its proximity to and overlap with Holes 642B and C. Hole 642B was drilled to 221 mbsf. Hole 642C was drilled to 200 mbsf and was offset vertically by approximately one-half of a core to ob tain a continuous and more precise sedimentary record of the Neogene. Holes 642D and 642E were barren of nannofossils. Site 643 consisted of one hole drilled to a total depth of 562.5 mbsf. Site 644 consisted of two holes also offset by approxi mately one-half core. Hole 644A was drilled to 252.8 mbsf, and Hole 644B was drilled to 127.7 mbsf.
Site 642
Site 642 represents the central point in the three-site traverse across the Wring Margin. The objectives of this site relate to the paleoceanographic history of the Norwegian-Greenland Sea, specifically to the influence of the central part of the Norwegian Current in the area. Site 642 is located on the outer Wring Pla teau and consists of five holes within 450 m of each other. The drilled sequence consists of 318 m of predominantly pelagic and hemipelagic upper Cenozoic sediments overlying a 910-m vol canic, mostly basaltic, sequence with interbedded pyroclastic sediments.
Hole 642B (Tables 3, 4)
Quaternary samples containing nannofossils were recovered from the uppermost 40 m in Hole 642B. The sediments alter nate between glacial and interglacial deposition. The interglacial sediments often contain nannofossil ooze layers with abun dant assemblages of Gephyrocapsa sp., Coccolithus pelagicus, and small reticulofenestrids. Also present, but less frequent, are Braarudosphaera bigelowii, Cyclococcolithus leptoporus, Dictyococcites sp., Discolithina sp., Helicosphaera carteri, Syracosphaera sp., and Thoracosphaera sp.
Emiliania huxleyi, the marker for the E. huxleyi Zone (NN21), was identified in samples with the use of SEM to 13 mbsf (Sec tion 104-642B-2-6, 85 cm). Unusually large specimens of E. huxleyi, up to 5 ^m, are often observed in Core 104-642B-1. Neither E. huxleyi nor Pseudoemiliania lacunosa are found at 14 m (Section 104-642B-3-1, 18 cm), indicating the presence of the Gephyrocapsa oceanica Zone (NN20).
The zonal marker for NN19-16, Pseudoemiliania lacunosa, is first observed at 21 mbsf (Section 104-642B-4-1, 17 cm). The (Miiller, 1976 LAD of P. lacunosa is often difficult to determine due to its scarcity near its extinction level. A barren to near-barren zone exists within Zone NN19-16 from 40 to 68 mbsf. Helicosphaera sellii is found at 68 mbsf. Gartner (1977) used H. sellii for a datum to further define the Pleistocene, but the true LAD of H. sellii most likely occurs within the barren interval of Hole 642B and thus cannot be used for an accurate age determination. Backman and Shackleton (1983) found'this taxon to be time transgressive even at mid to low latitudes.
The LAD of Reticulofenestra pseudoumbilica, the zonal marker for NN15-7, is at 78 mbsf (Section 104-642B-10-2, 96 cm). This zone often contains abundant nannofossils but of low diversity. The assemblage consists mostly of Coccolithus pelagicus, small reticulofenestrids, and Reticulofenestra pseudoumbilica. Also occurring within this zone are Braarudosphaera bigelowii, Calcidiscus leptoporus, Dictyococcites sp., Discolithina sp., Heli cosphaera carteri, H. sellii, Syracosphaera sp., Thoracosphaera sp., and Sphenolithus moriformis. The only discoasters present are Discoaster intercalcaris and Discoaster variabilis, which are high-latitude forms with long ranges that coincide closely with the range of Reticulofenestra pseudoumbilica. The FAD of Pseudoemiliania lacunosa occurs a few meters higher than the LAD of Reticulofenestra pseudoumbilica, and the FAD of Ge phyrocapsa occurs approximately 10 to 20 m upcore from the LAD of Reticulofenestra pseudoumbilica. Within this interval are two barren zones; one from 84 to 103 mbsf, and the other from 113 to 125 mbsf.
The LAD of Cyclicargolithus floridanus is at 156 mbsf (Sec tion 104-642B-18-6, 100 cm). According to Backman (1984) and Bukry (1973) , this corresponds to the top of NN6. Roth and Thierstein (1972) mention that this species has been recorded in the overlying Discoaster kugleri Subzone in some areas, and Miller et al. (1985) also show Cyclicargolithus floridanus occur ring in NN7. The LAD of C. floridanus found at Site 642 prob ably coincides with the data of Backman (1984) and Bukry (1973) in representing the NN6/NN7 boundary because it is found with the LAD of Cyclicargolithus abisectus, which also represents the NN6/NN7 boundary (Backman, 1984) . This bound ary corresponds to the top of the interval with C. floridanus (NN611). Also present in this zone are Braarudosphaera bigelo wii, Coccolithus miopelagicus, C. pelagicus, Dictyococcites sp., Discoaster deflandrei, D. intercalcarius, D. variabilis, Disco lithina sp., Helicosphaera carteri, H. paleocarteri, Reticulofe nestra pseudoumbilica, small reticulofenestrids, Sphenolithus moriformis, and Syracosphaera sp.
Below 162 mbsf (Section 104-642B-19-4, 8 cm), Hole 642B is mostly barren of nannofossils. Helicosphaera ampliaperta, the zonal marker for NN4, and Discolithina enormis, the marker for NP25, were found in Leg 38 sediments (Miiller, 1976 ), but were not encountered in Hole 642B. This is probably due to the fact that the barren interval encompasses these intervals. Hole 642C
The depth (and sample numbers) of the zonal markers in Hole 642 C are as follows:
FAD Emiliania huxleyi: 14 mbsf (Section 104-642C-3-1, 16 cm). LAD Pseudoemiliania lacunosa: 20 mbsf (Section 104-642C-3-5, 6 cm).
LAD Reticulofenestra pseudoumbilica: 82 mbsf (Section 104-642C-11,CC).
LAD Cyclicargolithus floridanus: 158 mbsf (Section 104-642C-19, CC).
The assemblages occurring within these zones are similar to those in Hole 642B.
Site 643
Site 643 is the deepest and most seaward site on the three-site transect. This single-bit hole was located on the lower slope near the foot of the outer Wring Plateau. This site provides a record of the depositional environments under the seaward boundary of the Norwegian Current in water depths close to the Norwe gian Sea Basin floor. A 565-m-thick pelagic and hemipelagic sedimentary sequence was drilled. The oldest sediments recov ered are of early Eocene age.
Hole 643A (Tables 5, 6)
The abundance of nannofossils at Site 643 was generally poor, except for a few rich intervals in the upper Pliocene-Pleis tocene. The interval from 100 mbsf to total depth was mostly barren of nannofossils with the exception of a few scattered samples which contain a generally low diversity assemblage.
Emiliania huxleyi, the marker for Zone NN21, was found to a depth of 7 mbsf (Section 104-643A-2-1, 125 cm). Also present are Gephyrocapsa sp., Coccolithus pelagicus, small reticulofenestrids, Braarudosphaera bigelowii, Calcidiscus leptoporus, Dicty ococcites sp., Helicosphaera carteri, Syracosphaera sp., and Thoracosphaera sp. Neither Emiliania huxleyi nor Pseudoemili ania lacunosa were found between 7 and 12 mbsf, thus indicat ing Zone NN20. The marker for the top of NN19-16, the LAD of P. lacunosa, is at 12 mbsf (Section 104-643A-2-5, 50 cm). Two intervals barren of nannofossils occur within this zone from 32 to 56 mbsf, and from 64 to 71 mbsf. The last occurrence of He licosphaera sellii is at 56 mbsf (Section 104-643A-7-3, 49 cm), which is just below a 24-m interval barren of nannofossils. Thus, this occurrence did not represent the true LAD of H. sel lii and could not be used as a reliable marker species for the lower Pleistocene.
The marker species for Zone NN15-7, Reticulofenestra pseu doumbilica, was observed at a depth of 75 mbsf (Section 104-643A-9-2, 125 cm). The assemblage consists primarily of Coc colithus pelagicus, small reticulofenestrids, and Reticulofenes tra pseudoumbilica, with lesser abundances of Braarudosphaera bigelowii, Calcidiscus leptoporus, Dictyococcites sp., Discolith ina sp., Discoaster intercalcaris, D. variabilis, Helicosphaera carteri, H. sellii, Sphenolithus moriformis, Syracosphaera sp., and Thoracosphaera sp. This assemblage, representing Zone NN15-7, occurs to a depth of 100 mbsf. Below 100 m, the sedi ment is almost entirely barren of calcareous nannofossils, with the exception of two short intervals that contain poorly pre served assemblages. At 141 mbsf (Section 104-643A-16-3, 49 cm), Cyclicargolithus floridanus is present. Thus, the boundary betwen NN15-7 and NN6-1 is between 100 and 141 mbsf.
The final Hole 643A interval that contains nannofossils ex tends from 409 to 410 mbsf (Section 104-643A-43, CC). The samples at 409 and 410 mbsf contain basically the same assem blages with Cyclicargolithus floridanus present, except that the upper Oligocene marker, Discolithina enormis, occurs at 410 mbsf. Thus, the boundary between NN6-1 and NP25 occurs at 410 mbsf. Because the remainder of the core is barren, the FAD of D. enormis, and thus the lower boundary of NP25, could not be determined.
Site 644
Site 644 represents the landward end of the three-site tran sect. It is located in the Vdring Basin at a shallow depth close to 
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1-1, 50 1-2, 50 1-3, 50 2-2, 125 2-4, 125 2-5, 125 3-2, 49 3-4, 49 3-6, 49 4-2, 123 7-3, 49 7-5, 126 9-1, 125 9-2, 125 10-1, 49 10-4, 149 11-6, 50 43-CC, 5-6 43-CC Hole 644A (Tables 7, 8) Due to safety concerns, Site 644 could only be drilled to a depth of 250 mbsf. The sediment recovered contained three nannofossil zones and a detailed record of glacial-interglacial depo sition (Tables 7, 8) .
Emiliania huxleyi, the marker for NN21, is present down to 26 mbsf (Section 104-644A-4-1, 50 cm). The assemblage consists of small reticulofenestids, Acanthoica sp., Braarudosphaera bigelowii, Coccolithus pelagicus, Calcidiscus leptoporus, E. huxleyi, Dictyococcites sp., Discolithina sp., Helicosphaera carteri, Sy racosphaera sp., and Thoracosphaera sp, as well as the same high numbers of reworked Cenozoic and Paleogene nannofos sils found in Sites 642 and 643.
The marker for NN19-16, Pseudoemiliania lacunosa first oc curs at 51 mbsf (Section 104-644A-6-5, 50 cm). Reticulofenestra pseudoumbilica was not encountered and the hole terminated in Zone NN 19-16. In Hole 642B, the FAD of Pseudoemiliania la cunosa was observed 2 m above the LAD of Reticulofenestra pseudoumbilica. In Hole 644A, the FAD of Pseudoemiliania la cunosa was observed 6 m before total depth was reached (Sec tion 104-644A-33-1, 50 cm), indicating the possible proximity to the LAD of Reticulofenestra pseudoumbilica.
Abundance, Preservation, and Reworking
The abundance of calcareous nannofossils at Site 644 is greater than at Sites 642 and 643. At Site 644, the Pliocene-Pleistocene nannofossils found in the interglacial sediments are usually common to abundant, while at Sites 642 and 643 they are typically few to rare. All three sites contain a zone barren of nannofossils between the interval with Pseudoemiliania lacu nosa and the interval with Reticulofenestra pseudoumbilica.
The barren interval includes the Pliocene/Pleistocene boundary. Sites 642 and 643 contain extensive barren intervals below the last occurance of Cyclicargolithus floridanus (Fig. 1) . Preserva tion of the nannofossils varies greatly throughout the sedimen tary section. The glacial sediments are characterized by poor preservation while the interglacial intervals often contain wellpreserved nannofossil oozes. The Pliocene, as a general rule, contains moderately to poorly preserved nannofossils while the late-middle Miocene nannofossils are often moderately to well preserved. The preservation at Site 644 is better than at the other two sites. Moderate to good preservation is common at Site 644, compared to the poor to moderate preservation at Sites 642 and 643 (see discussion below). Both the abundance and preservation of the nannofossils de cline toward the deeper water sites; the nannofossils are most abundant and well preserved at Site 644, decline at Site 642, and are least abundant and have the poorest preservation at the deep Site 643. This is most likely due to increased dissolution at the greater depths of deposition and the reduced influence of the Norwegian Current farther out to sea. Site 643 is located at a water depth twice that of the other two sites (about 2700 m for Site 643 as compared to about 1225 m and 1300 m for Sites 644 and 642, respectively). The poor preservation could be due to the increased exposure of the nannofossils to the relatively cold and corrosive water column below the Norwegian Current. But, even though Sites 642 and 644 are located in approximately the same water depth, they are characterized by differences in abun dance and preservation, Site 642 containing the poorer assem blages. This could be due to the effect of the Norwegian Cur rent. The current is responsible for transporting warm, rela tively productive surface waters into the Norwegian-Greenland Sea from the North Atlantic. This current has varying effects on the three sites. The current is relatively warm and extensive over Site 644, but becomes diluted by colder, less productive surface currents (East Icelandic Current) further out to sea over Site 643 ( Fig. 2) . Thus, a gradient of productivity of the Norwegian Cur rent extends from the landward to seaward sites. The surface currents' effect on nannofossil productivity decreases oceanward as the Norwegian Current waters diminish in extent. Reworked specimens of older nannofossils are present through out lithologic Unit I but become more abundant in the Quater nary than the Pliocene. The reworking consists primarily of Cretaceous nannofossils but Paleogene and early Neogene redeposited species were also found to a lesser extent. Redeposited Cretaceous species often comprise up to 90 to 100% of the total nannofossil assemblage, while Paleogene species usually com prise much less than 10%. Reworking is usually negligable in the interglacial intervals, but is much more pronounced in the glacial deposits. The sediments as a general rule contain relatively few calcar eous nannofossils and those that are present are of low diversity. There are, however, a few intervals with a notable abundance of nannofossils. Low abundances suggest relatively low water tem peratures, with the nannofossil-rich oozes possibly reflecting relatively warmer water influxes. The interglacial sediments oc casionally contain coccolith oozes with abundant yet low-diver sity assemblages. Late-middle Miocene intervals show a slight increase in diversity. Both the Quaternary as well as the upper Miocene nannofossil-rich intervals contain many whole, intact coccospheres indicating little postdepositional disturbance from bioturbation.
The sediments at Site 644, as a general rule, contain greater abundance, preservation, and diversity than at the deeper water Sites 642 and 643, possibly showing the influence of the rela tively warmer Norwegian Current at Site 644. But, on a global comparison, the abundance and diversity are still characterized by typical high-latitude, cold-water species.
North Atlantic Correlations
To better understand the geographic controls on nannofossil distribution and the difficulties of applying the standard low-NORWEGIAN-GREENLAND SEA CALCAREOUS NANNOFOSSILS latitude nannofossil zonations in the Norwegian-Greenland Sea, a latitudinal traverse of different sites is shown in Figure 3 and Table 9 . The traverse is located in the North Atlantic from lati tudes 30°N (Leg 82), 56°N (Leg 81), 58°N (Leg 12), and finally the Vdring Margin at 68°N (Leg 104).
DSDP Leg 82 drilled in the North Atlantic between 30° and 40° N. The nannofossil biostratigraphy, as compiled by Bukry (1985) and Parker et al. (1985) , contains essentially the full suite of zonal markers for the Neogene. The only exception is the ab sence of CNlOb and CNlOc due to a lower Pliocene hiatus. The area is not lacking in discoasters, ceratoliths, sphenoliths, or any of the other zonal markers used in the zonation of Okada and Bukry (1980) . DSDP Leg 81 is located north of Leg 82, at a latitude of ap proximately 56° N. Hole 552A was the most complete and leastdisturbed upper Neogene sedimentary record yet obtained from the high-latitude North Atlantic at that time. Backman (1984) compiled the nannofossil biostratigraphy of the area and found that at this latitude certain marker fossils were diachronous or too sparse to be used to correlate with lower latitudes. Studies of the disappearances of Pliocene discoasters, which generally prefer warmer waters, have been carried out (Backman and 80 c SJKSF Figure 2 . Present-day surface current patterns in the North Atlantic and Norwegian-Greenland Sea (based on Kel logg, 1975) . Shackleton, 1983) to help determine whether these disappear ances represent genuine extinctions or only reflect migratory events. Backman (1984) , using Hole 552A, interpreted Discoastersurculus as disappearing 0.1 m.y. before its Pacific extinction age. D. tamalis appears to have a slightly younger last occur rence in Hole 552A than in the low-latitude Pacific. D. pentaradiatus could be synchronous or could disappear 0.05 m.y. prior to its Pacific age, but the data gathered about the extinction age of D. pentaradiatus are not sufficient to settle this question. As mentioned previously, the extinction of Helicosphaera sellii has also been determined to be diachronous with latitude by Backman and Shackleton (1983) . H. sellii is a zone marker for the Pleistocene zonation of Gartner (1977) .
The extinction of Discoaster brouweri was originally used as a zonal marker in Leg 12 (Bukry 1972) . However, Backman (1979) believes that D. brouweri, with optimum living condi tions in low latitudes, actually disappeared from this high north ern latitude site before its low-latitude extinction. The LAD D. brouweri at Site 116 is due to biogeographic response to chang ing environmental conditions and does not represent the true ex tinction level. Thus D. brouweri is not a useful datum for the northern North Atlantic in the Leg 12 study area.
The zonation for Site 116 is similar to that of Leg 81 because the sites are located relatively close to each other, but there are differences as the higher latitude is approached. Generally, discoasters and ceratoliths are more rare in the high-latitude assem blages than in mid-and low latitudes. However, enough discoasters and ceratoliths were found in Leg 81 sediments to determine a few zonal boundaries. During Leg 12 (at Site 116), some discoasters and ceratoliths were still found, but even fewer than for Leg 81, thus eliminating a few more zones.
Leg 104 completes the south-to-north latitudinal cross sec tion of the North Atlantic. Leg 104 sediments were totally lack ing in ceratoliths and stratigraphically important discoasters. 82, 81,12, and 104 compared Only eight nannofossil zones could be differentiated in the Nor wegian-Greenland Sea compared to the thirty zones and subzones distinguished at the Leg 82 sites to the south for the upper Oligocene to Holocene interval.
REWORKED NANNOFOSSILS
The Quaternary and upper Pliocene sediments of Leg 104 represent alternating cycles of glacial and interglacial deposi tion. The interglacial sediments consist of light-colored, car bonate-rich marine sandy muds, often nannofossil-rich. The glacial deposits consist of dark carbonate-poor glacial muds with dropstones. Generally these glacial deposits contain few, if any, Pliocene or Quaternary nannofossils deposited in situ. However, reworked Cretaceous and Paleogene nannofossils are often common. The abundance of the reworked nannofossils is cyclic in nature, varying from 100% to less than 1% of the total assemblage.
In the glacial deposits, it is often difficult to tell if the sur face waters were sufficiently productive to support the deposi tion of in-situ nannofossils. This is due to the fact that many of the taxa found have long ranges which encompass ages from Cretaceous (e.g., Braarudosphaera bigelowii) or early Cenozoic (e.g., Coccolithuspelagicus and small reticulofenestrids) to present. The above species also are relatively dissolution resistant, which makes it difficult to interpret the abundance of reworked nan nofossils. It is necessary to look at other Quaternary and upper Pliocene nannofossils, such as the gephyrocapsids, to determine whether the surface waters were productive enough at the time of deposition to deposit an in-situ assemblage along with the older, reworked nannofossils.
Data
To help pinpoint a possible age and source for the reworked Cretaceous nannofossils, three smear slides from the glacial in tervals, where most of the reworking occurs, were examined. Three hundred and fifty-four Cretaceous nannofossils from gla cial sediments were counted, and the taxa identified are shown in Table 10 .
The stratigraphic distribution of some of these Cretaceous nannofossils is shown in Table 11 (based on Thierstein, 1976) . All of the nannofossils found have ranges which, at least in part, are found in Maastrichtian deposits. In an effort to determine a more precise age for the Cretaceous nannofossils, various zonal schemes compiled by several authors have been applied ( Table   Table 10 . Absolute abundance of reworked taxa encoun tered in glacial intervals. . Unfortunately, most of the zonal markers for these schemes are absent. Only one marker from the Campanian to Maastrich tian interval, Nephrolithus frequens, was present among the redeposited species. The presence of N. frequens, however, sug gests an uppermost Maastrichtian age, although other specimens could possibly have come from older strata. Although all the other Cretaceous markers found occur throughout the Campa nian and Maastrichtian, their FAD's are earlier. This presents a problem when trying to pinpoint the age of the sources of the reworking, if such a specific age can, in fact, be determined.
The reason for the missing Campanian and Maastrichtian marker fossils could be the ecologic exclusion of the nannofos sils from the source area due to unfavorable environmental con ditions at the time of original deposition. This will be discussed subsequently. Figure 4 (Ziegler, 1982) shows the known distribution of cal careous deposits of Cenomanian to Danian age. The Leg 104 sites are located slightly north of the area mapped, but the cal careous deposits are much less extensive to the north. The mapped areas of calcareous deposition, therefore, delineate pos sible source areas for the reworked Cretaceous nannofossils. The most extensive deposits of known calcareous material occur in the North Sea-Denmark area. Less extensive deposits are found on the Faeroe high and small deposits also occur along the shelf off Norway. These three areas are the most likely sources for the Cretaceous nannofossils reworked into the gla cial deposits.
Areas further south can be eliminated as a source by apply ing biogeographic barriers for the Cretaceous nannofossils found. Thierstein (1981) studied upper Campanian to lower Danian nannofossil assemblages from all over the world. He concluded that Late Cretaceous bioprovincialism was strongly dependent on paleolatitude. Thierstein studied the relative abundance dis tribution of 54 Late Cretaceous nannofossil taxa. He plotted the nannofossils with recognizable distribution patterns on maps showing their paleolatitudinal occurrences during the Late Cre taceous. Figures 5 and 6 show the dominant taxa with recogniz able distribution patterns for upper Campanian through upper Maastrichtian assemblages, and their global biogeographic dis tributions are contoured on these paleogeographic maps. Not shown on his maps are occurrences that make up less than 2% of the assemblages. For purposes of the present study, we will disregard occurrences of less than 2% (which correspond to less than seven out of the 354 nannofossils identified) of the total glacially reworked nannofossils. By relating the taxa found on Leg 104 to those in Thierstein's study, an estimate can be made of the latitudinal limit for the Cretaceous sources. Figure 5 displays the geographic distribution of some of the taxa actually encountered in Leg 104 glacial sediments. Al though found in low numbers, Nephrolithus frequens is of great value to the study. This taxon provides an accurate age determi nation because it is confined to uppermost Maastrichtian de posits. Also, it is encountered in appreciable numbers only in high-latitude locations, therefore it marks a southern limit for the source beds of Cretaceous reworking. Figure 6 shows the distribution of some of the taxa not en countered in Leg 104 material. Lithraphidites quadratus is shown to have a North Atlantic occurrence limit of approximately 45°-50° north latitude. Since this taxon is not encountered in Leg 104 cores, the sediments containing it are not the source for the reworking. Thus, by using nannofossil provincialism during Cretaceous time the source for the reworked material can be fur ther delineated. Figure 7 summarizes the geographic distribu tion of selected Cretaceous taxa not present in Leg 104 sedi ments, while Figure 8 shows the distribution of the taxa present. The source for the reworking must originate from the areas where the taxa in Figure 8 occur, but not the areas where the Before discussing further the possible sources for the re worked nannofossils encountered in the glacial deposits of Leg 104, we must consider the climatic variability of the area during the late Cenozoic. High-latitude glaciations during the late Quater nary dramatically changed sea-surface conditions in polar seas relative to those found in the present day (Corliss, et al., in press) . Three general climatic regimes have existed since the on set of glaciation: glacial, intermediate, and interglacial. These three regimes all show unique depositional patterns in response to the Northern Hemisphere glaciations. Many detailed studies have been compiled relating to the most recent glacial cycles (Kellogg, 1975; Kellogg, 1980; Ruddiman and Mclntyre, 1979; Jansen and Bjdrklund, 1985;  and others). The major difference between the glacial and interglacial periods is the absence or se vere reduction of the warm Norwegian Current water entering the region from the North Atlantic during glacials (Fig. 9) .
During the last glacial interval at 18 ka, the Norwegian Sea was generally completely covered with sea ice (Fig. 10) . But, during the summer months, open water or looser pack ice could have existed south of 71°N in the central Norwegian Sea (Kel logg, 1980) . Winter temperatures were 0.0°C or less and sum mer temperatures ranged between 4.6 and 5.4°C. The last inter glacial episode was similar to present ice-free conditions (Fig. 10) . The intermediate regime 82 ka represents an intermediate regime between these glacial and interglacial conditions. Seasonal ice cover existed in the southern part of the Norwegian Sea. The Norwegian Current was not present with its modern characteris tics, but a weak flow of relatively warm water most likely en tered the southern Norway Basin from the North Atlantic. Rud diman and Mclntyre (1979) showed that during the first half of the last full interglacial-glacial cycle, the subpolar North Atlan tic from 40° to 60°N maintained relatively warm sea-surface temperatures. This allows for an interglacial ocean alongside a glacial landmass. Thus, the Norwegian Current could poten tially carry icebergs to the Norwegian-Greenland Sea during these times.
Discussion
By taking into account the previously discussed comparison of the bioprovincialism of the Cretaceous nannofossils, the known areas of Cretaceous carbonate deposition, and the cli matic regimes of the times, it is possible to narrow down the geographic limits for the source of the reworking. Three main areas exist as the potential source location of the Cretaceous re worked nannofossils found on the Vdring Plateau.
One such area is to the south of the Wring Plateau. Subsea outcrops of Cretaceous marls and possibly chalks could be ex posed along faults in the area (K. Perch-Nielsen, written commun., 1986). Material from these exposures could be reworked into the Wring Plateau sediments. However, the nature of the sediments that contain most of the reworked Cretaceous nanno fossils indicate that these sediments were deposited by advanc ing sea ice and/or floating ice blocks that would have little af fect on the exposed Cretaceous beds in the deeper water.
Another possibility is reworking from the shelf near the Leg 104 sites. Seismic sections show that Quaternary sediments lo cally overlie Paleocene and Upper Cretaceous sediments (A. Moe, written commun., 1986). Pockets of these exposed older sediments could be reworked into the upper Pliocene to Quater nary deposits during the glacial intervals, especially with the help of concomitant lowered sea levels. However, a problem ex ists with the Cretaceous source exposures in this area. At such a high latitude, only a few scattered areas of carbonate deposition existed during Cretaceous times (Fig. 4) . These pockets of Cre taceous carbonate deposition could very well have been re worked to some extent into the glacial sediments, but it is un likely that these small exposures, which did not contain a rich nannofossil source, could account for the large amounts of Cre taceous nannofossils found in Leg 104 sediments. A richer source of Campanian and Maastrichtian nannofossils is im plied.
A third possible source for the reworked nannofossils is from icebergs originating in the North Sea-Denmark area, especially in the northern North Sea and in northern Denmark where only a thin cover of Quaternary sediments existed on top of the Cre taceous strata (Ziegler, 1982) . This area is an ideal source area due to its extensive chalk deposits of Campanian to Maastrich tian age. As continental ice sheets began to develop, glaciers would have moved out of the North Sea-Denmark area towards the Norwegian Sea. During the times when the Norwegian-Greenland Sea was not completely ice-covered, individual ice bergs would have carried sediments out of the North Sea area to the west. Because the Norwegian-Greenland Sea was not en tirely ice-covered at this time, the Norwegian Current would still have been actively flowing from south to north past the North Sea, although not as actively as during the true interglacials. The icebergs from the North Sea-Denmark area would have been carried farther north as they merged with the Norwegian NORWEGIAN-GREENLAND SEA CALCAREOUS NANNOFOSSILS Current. As the floating icebergs melted in the relatively warm Norwegian Current waters, ice-rafted debris containing Campa nian and Maastrichtian nannofossils from the North Sea-Den mark source would have been deposited.
The source of the reworked nannofossils found in the Nor wegian-Greenland Sea is possibly derived from a combination of the above three stated source areas. During the summer months of the glacial periods and during the intermediate stages between glacial and interglacial regimes, ice-rafted material from the nannofossil-rich Cretaceous strata of northern North Sea-Denmark area was probably deposited on the Vriring Plateau. This would have been the primary source of the reworking. Mi nor reworking from the shelf or exposed faults could have brought additional Cretaceous nannofossils to the area, but be cause no nannofossil-rich source deposits were involved, they cannot be the major source.
CONCLUSION
ODP Leg 104 drilled and recovered cores from eight holes at three sites on the Vdring Plateau in the Norwegian-Greenland Sea. An essentially complete sedimentary section was obtained and contains calcareous nannofossils from uppermost Oligocene to Holocene sediments.
Due to poor high-latitude environmental conditions, the nanno fossil assemblages recovered contain low abundances and diver sities when compared to low-latitude assemblages. The standard low-latitude nannofossil zonal markers of the Neogene, the ceratoliths, discoasters, and sphenoliths, are mostly missing in the Norwegian-Greenland Sea sediments, making biostrati- graphic interpretations difficult. Since latest Oligocene time, eight nannofossil zones can be differentiated compared to ap proximately 30 zones for the same interval in the lower latitude North Atlantic.
The sediments deposited since the first appearance of icerafted detritus represent glacial conditions. Dark-colored, car bonate-poor glacial sediments with ice-rafted debris present are interlayered with light-colored, carbonate-(and nannofossil-) rich interglacial sediments. The interglacial deposits contain abundant nannofossils and represent influxes of relatively warm Norwegian Current waters. The glacial deposits represent rela tively cold times with solid ice cover or icebergs present in the Norwegian-Greenland Sea. The glacial deposits contain few, if any, in-situ nannofossils, but reworked Cretaceous species with minor reworked Paleogene species and older Neogene nanno fossils are often common.
The age of the reworked Cretaceous nannofossils is Campanian to Maastrichtian. The presence of N. frequens suggests a source of latest Maastrichtian age, but more than one source could be contributing to the reworked nannofossils found on the Wring Plateau. Three possible sources for the common re worked nannofossils found are: (a) exposed Cretaceous deposits along the shelf near Norway; (2) exposed Cretaceous outcrops along faults in the area; and/or (3) the northern North Sea-Denmark area. The relative abundances of the reworked assem blage suggest that the primary source was ice-rafting from the northern North Sea-Denmark area. (Thierstein, 1981) .
Averaged percent abundance of Lithraphidites quadratus in the 189 middle to latest Maastrichtian assemblages investigated.
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Averaged percent abundance of Micula murus in the 118 latest Maastrichtian assemblages investigated. Figure 7 . Summary of the northern limits of geographic occurrences Figure 8 . Summary of the southern limits of the geographic distribu- (Fig. 6 ) of various Cretaceous nannofossils not found on Leg 104 (based tions (Fig. 5 ) of various reworked Cretaceous nannofossils (with abunon Thierstein, 1981) . The source of the reworked nannofossils is north dance greater than 2%) found in Leg 104 sediments (based on Thierof the dashed line.
stein, 1981). The source for the reworked nannofossils is north of the dashed line. Figure 9 . Sea-surface reconstructions for today, 18,000-, 82,000-, and 120,000-y.b.p. levels (from Kellogg, 1980) . Plate 3. 1. Reticulofenestrapseudoumbilica, 104-643A-11-5, 50 cm, 10 fim. 2. Same specimen as (1); (2a) x-p, (2b) ph, (2c) tr It. 3. Calcidiscus leptoporus, 104-642B-13-3, 16 /xm, 7 ^m. 4. Same specimen as (3); (4a) x-p, (4b) tr It. 5. Acanthoica sp., 104-644B-10-2, 96 cm, 5 ^m. (5a) x-p, (5b) ph. 6. Acanthoica spp. cluster, 104-644A-19-3, 123 cm, 20 /xm. (6a) x-p, high focus (6b) x-p, low focus (6c) ph.
